Introduction
Polydnaviruses (PDVs) are a group of viruses that have an obligatory symbiosis with certain endoparasitoid wasps in the families Braconidae and Ichneumonidae (Fleming, 1992 ; Stoltz, 1993) . Two genera, Bracovirus and Ichnovirus, differing in morphology and host range, have been described for this virus family (Stoltz et al., 1995) . PDVs are characterized by genomes consisting of multiple polydisperse, circular, double-stranded DNA molecules. Viral DNA is integrated in the genomes of their associated wasp hosts and vertically transmitted through the wasp germline (Stoltz, 1993) . PDVs replicate asymptomatically in the reproductive tract of every adult female of an affected wasp species (Fleming & Summers, 1991) at late pupal and adult stages (Webb & Summers, 1992) . Together with other oviduct factors (venom, ovarian proteins, etc.) , PDVs are injected into the haemocoel of the lepidopteran insects during parasitization. In parasitized insects, PDVs induce an array of physiological alterations that are essential for the survival of the wasp's progeny (Edson et al., 1981 ; Lavine & Beckage, 1995) . In the lepidopteran hosts, PDV replication has not been detected, but viral DNA persists (Theilmann & Summers, 1986 ) and viral genes are transiently or persistently expressed (Blissard et al., 1986 ; Strand et al., 1992 ; Asgari et al., 1996) . In some systems, suppression of the host immune response by viral gene products has been demonstrated (Li & Webb, 1994 ; Asgari et al., 1996) .
Campoletis sonorensis PDV (CsPDV) is the bestcharacterized Ichnovirus at the molecular level. CsPDV has an unusual pattern of host-specific gene expression. Some genes are expressed only in the wasp (class I), some are expressed only in the lepidopteran larvae (class II), while others are expressed in both hosts (class III) (Theilmann & Summers, 1988) . Because of their importance in regulating host physiology, most studies have emphasized the isolation of PDV genes that are expressed in lepidopteran hosts. Five class II viral genes have been isolated, WHv1.6, 1.0, VHv1.1, 1.4 and BHv0.9 (Blissard et al., 1987 ; Theilmann & Summers, 1987 ; Dib-Hajj et al., 1993 ; Cui & Webb, 1996) , which belong to two distinct gene families (Summers & Dib-Hajj, 1995) . Four of these class II genes (WHv1.0, 1.6, VHv1.1, 1.4) have various degrees of identity to each other and constitute a cysteine-rich PDV gene family (Dib-Hajj et al., 1993 ; Cui & Webb, 1996) . The BHv0.9 gene is a member of the repeat element (rep) gene family that contains a 540 bp repeat (Theilmann & Summers, 1987) .
CsPDV cysteine-rich genes have been implicated in suppression of the host immune response (Li & Webb, 1994 ; L. Cui, A. I. Soldevila & B. A. Webb, unpublished) . The transcripts of these genes are very abundant and appear early after parasitization (Blissard et al., 1989 ; Cui & Webb, 1996) . The abundant, early and host-specific expression pattern of these genes suggest that they may share similar regulatory elements in their promoter regions. Except for the putative TATA box(es) in the promoter sequences of these CsPDV genes, it is not clear what elements regulate the early and host-specific expression of the cysteine-rich genes. Recently, Soldevila & Webb (1996) showed that the temporal activity of the VHv1.1 and WHv1.6 promoters is retained in baculovirus recombinants containing these genes as part of large fragments of CsPDV genomic DNA. To begin to elucidate the regulation of CsPDV gene expression, we analysed the WHv1.6 gene promoter using transient transfection assays in two insect cell lines. Studies of the levels of mRNA and protein have established that the TATA box is the basic component of the promoter. Two unusual, cis-activating regions located upstream of the TATA box have also been identified.
Methods
Construction of the reporter plasmid. The WHv1.6 gene promoter region was amplified and cloned using standard procedures (Sambrook et al., 1989) . A 639 bp fragment ( Fig. 1 a, 5ha) upstream of the ATG codon of WHv1.6 gene was amplified in a GeneAmp 480 (Perkin Elmer Cetus) with T7 and gene-specific primers (5h GAATTC-GGATCCGATCTCAGCAATGCTATG 3h) (BamHI site underlined) using a cloned PstI (11.45)-HindIII (13.29) fragment of segment W as the template (see Blissard et al., 1987 , for physical map of segment W). The following cycles were used for the reaction : 1n5 min at 94 mC, 1n5 min at 56 mC, 3 min at 72 mC, 35 cycles. The PCR product was cloned at the PstI and BamHI sites of pBluescript KS(k) (Stratagene). A 781 bp fragment containing the open reading frame (ORF) of the bacterial chloramphenicol acetyltransferase (CAT) gene was removed from pCAT Basic (Promega) by Sau3AI digestion and inserted into the promoter construct at the BamHI site. The 1n76 kb XbaI-SacII fragment (Fig. 1 a, 3h) containing the WHv1.6 gene polyadenylation signals was then cloned downstream of the CAT ORF. This fragment contains 150 bp of the 3h untranslated region (UTR) of the WHv1.6 gene (Blissard et al., 1987) . To evaluate the region upstream of the PstI site in the promoter, a 1n5 kb XhoI-PstI fragment in segment W (Fig. 1 a, 5hb) was cloned. Fig. 1 (b) shows the nonfusion CAT construct containing a 2 kb 5h flanking region and a 1n76 kb 3h flanking region of the WHv1.6 gene.
Progressive deletions of the promoter region. The 2 kb promoter region of the CAT construct was progressively deleted by digestion with restriction enzyme and exonuclease III. For restriction deletions, the original CAT construct (Fig. 1) was digested with XhoI and another restriction enzyme [HindIII(k830) , MluI (k141), AatII (k51) or SnaBI (j109)], blunt-ended with Klenow polymerase, and religated. In the construct kHP, the region between k444 and k830 was deleted by digesting the CAT construct with HindIII and PstI, Klenow treatment and religation. For deletions with exonuclease III, the CAT construct was first digested with KpnI and HindIII and then digested with exonuclease III using the Erase-A-Base system (Promega). These deletions were determined by direct sequencing of plasmids from the T3 primer. Deletion constructs k1035, k660, k550, k85 and k27 were made by PCR amplification of the promoter regions with restriction sitecontaining primers, restriction digestion of the amplimers and cloning of the digested PCR products. Primers used for the PCR amplifications are shown in Fig. 2 (a) . Specifically, k1035, k660 and k550 constructs were produced by amplifying respective regions in the promoter and cloning at the XhoI and PstI sites of the k443 construct. k85 and k27 constructs were produced by amplifying part of the insert of the k443 construct (Fig. 2 b) with specific primers at k85 (5h CGAGCTGCAGAC-GTGATTACGGGATC 3h, PstI site underlined) and k27 (5h CGAGCTGCAGTGTCCACATTCCTGTAG 3h) and T7 primer and cloning in pBluescript at PstI and SacII sites, respectively. In the k27 deletion construct, the putative TATA box was removed.
Deletion constructs identified elements between k444 and k1035 that increased promoter activity. For further characterization, this region was modified by reversing or repeating it or by inserting a ' spacer ' DNA fragment. The region between PstI (k444) and k1035 was amplified by PCR and cloned at the PstI site of the k443 construct with the orientation of this region reversed. Also, this region was cloned in the k1035 construct to repeat the active promoter elements. A 1n8 kb PstI fragment of the Bombyx mori β-actin cDNA was inserted as a spacer at the PstI site of the deletion construct k1035 (Mounier & Prudhomme, 1991) .
To analyse the 3h region of the WHv1.6 gene, partial and complete deletions of the 1n76 kb 3h region were also made as described above. The XbaI-SalI and SalI-SacII fragments were alternatively deleted ( Fig. 3 a, kXS and kSS). A deletion of the region from 65 bp downstream of the second putative poly(A) signal was made by PCR amplification and cloning ( Fig. 3 c, jpA) . Two promoter constructs, k1917 and k443, were used for the 3h deletions.
Transfection of insect cell lines. Two insect cell lines, Sf9 derived from Spodoptera frugiperda and High Five (Hi5) (Invitrogen) from Trichoplusia ni, were used to study the activity of CsPDV WHv1.6 promoter, since both insects allow development of C. sonorensis and expression of cysteine-rich CsPDV genes (L. Cui, A. I. Soldevila & B. A. Webb, unpublished) . Moreover, the WHv1.6 promoter retained the fidelity of the transcription initiation when expressed in these two insect cell lines (Soldevila & Webb, 1996) . These cells were adapted to serumfree medium and maintained as suspension and monolayer cultures, respectively (O'Reilly et al., 1992) . The cells were transfected with lipofectin (GIBCO BRL) using a procedure modified from that for mammalian cells. Briefly, insect cells in a six-well plate (1i10' cells per well) were incubated with 1 ml of serum-free medium with lipofectin (15 µg) and plasmid DNA for 4 h. Then the medium was removed and fresh medium containing gentamycin (50 µg\ml) and amphotericin (2n5 µg\ml) was added. Each plasmid construct was tested at least three times. The baculovirus Autographa californica multicapsid nucleopolyhedrosis (AcMNPV) immediate early gene IE-1 promoter-CAT construct was included as a positive control (Carson et al., 1991) , while pBluescript, pCAT Basic (CAT construct without promoter elements) and pCAT Control (Promega) (CAT construct with the SV40 promoter and enhancer) were used as negative controls.
ELISA analysis of CAT protein.
To prepare lysates for ELISA, cells were washed twice with 1 ml of PBS and collected in 200 µl of PBS (containing 1 mM PMSF). Cells were then lysed by freezing-thawing three times. After centrifugation for 1 min, the supernatant was collected and stored at k70 mC until protein analysis. CAT protein produced in transfected cells was quantified using a CAT ELISA kit (5 prime 3 prime, Inc.). Cell lysates were diluted 1 : 20 in the dilution buffer (150 mM NaCl, 8 mM Na # HPO % , 2 mM NaH # PO % , 3 mM KCl, 1 % BSA, 0n02 % sodium azide) and 200 µl of each cell lysate dilution was used for the CAT assay. The assays were read at 405 nm in an ELISA plate reader and the mean plus standard deviation was calculated for each construct.
Analysis of CAT transcripts. The transcriptional activity of the WHv1.6 promoter in transfected cells was studied using an RT-PCR procedure (Kawasaki, 1990) . Thirty-six hours after transfection, total RNA was isolated from 9i10' transfected control Sf9 cells and from cells transfected with eight WHv1.6 deletion constructs using the Tri Reagent kit (Molecular Research Center, Inc.). Contaminating DNA was removed from 3 µg aliquots of RNA by treatment with 25 units of RNasin and 1 unit of RNase-free DNase I (Promega) at 37 mC for 10 min. The DNase I was inactivated by incubating at 65 mC for 15 min. Each of the treated RNA samples was annealed to 0n5 µg of oligo(dT) primer at 65 mC for 10 min and chilled on ice. The RT reaction was performed in 20 µl with the annealed RNA sample in synthesis mixture (1i MMLV buffer, 5 mM DTT, 500 µM dNTPs and 200 units of MMLV reverse transcriptase) at 42 mC for 60 min. RNase H (1n5 unit) was then added to the reaction and incubated at 37 mC for 20 min. A " 500 bp region of the CAT transcript was amplified with forward (5h CATCGTAAAGAAC-ATTTTGAG 3h) and reverse (5h CAGCACCTTGTCGCCTTGCG 3h) primers (Sambrook et al., 1989) in a 50 µl PCR reaction containing 1iPCR buffer, 200 µM dNTPs, 2 mM MgCl # , 0n5 µg of each primer, 3 µl of the RT reaction and 2n5 units of Taq polymerase (Promega). Thirty amplification cycles of 94 mC, 50 mC, 72 mC (30 s at each temperature) were performed in a GeneAmp 9600 (Perkin Elmer Cetus). As a positive control, 5 ng of pCAT Basic was similarly amplified. To normalize pCAT construct amplification, a 300 bp region of actin cDNA was amplified from control and transfected Sf9 cells using primers designed from homologous regions of Manduca sexta and Anopheles gambiae actin cDNAs (forward 5h ATGTACGTCGCCATCCAG 3h, and reverse 5h CCATCTCCTGCTCGAAGTC 3h) (Schwartz et al., 1993 ; Salazar et al., 1994) . The PCR products were separated in 1n2 % agarose gel and visualized with ethidium bromide staining.
DNA sequence analysis. Promoter regions of the WHv1.6, 1.0 and VHv1.4 cysteine-rich CsPDV genes were sequenced by the dideoxy termination method (Sanger et al., 1977) using the Sequenase II kit (USB). Sequence alignments and homology searches were performed using the University of Wisconsin Genetics Computer Group DNA analysis software for the VAX (release 7.2).
Results
To optimize the amount of plasmid for transfection, the expression of CAT protein in Sf9 and Hi5 cells was evaluated after transfection with 1, 2, 5, 7n5 and 10 µg of the deletion construct k443. The highest level of CAT expression was consistently detected after transfection of 5 µg of plasmid (data not shown). Therefore, 5 µg of k443 construct and equimolar amounts of other plasmids were used for all transient transfection assays. The most appropriate time to collect transfected cells was determined in a time-course study. At 8, 16, 24, 36, 48 and 72 h after transfection, cells were collected and the amounts of CAT protein were assayed. Relatively high amounts of CAT protein were detected at 24 h and CAT protein accumulated steadily within the 72 h period (data not shown). In subsequent transient assays, cells were collected at 24 h after transfection.
To identify regions important in the regulation of WHv1.6 promoter activity, full-length and deletion constructs (Fig. 2 b) were transfected into two lepidopteran insect cell lines, Sf9 and Hi5. In both insect cell lines, transfection assays showed that the full-length WHv1.6 promoter was active (Fig. 2 c, k1917) ; " 6200 and " 9500 pg of CAT protein were produced per well of transfected Sf9 and Hi5 cells, respectively. Higher levels of CAT protein expression were detected in Hi5 than in Sf9 cells, but the overall trends were similar for both cell lines (Fig. 2 c) . Transient assays showed that WHv1.6 promoter activity decreased as the promoter region was progressively shortened. Deletions up to k1035 did not significantly affect A putative TATA box (TATATAA) from k28 to k34 is in bold. The TIS is in bold and underlined. Primers used for PCR cloning are underlined : k1035 primer (k1035 to k1018) ; k660 primer (k677 to k659) ; k550 primer (k568 to k545), k85 primer (k85 to k69), and k27 primer (k27 to k10). Restriction sites XhoI (TCTAGA), HindIII (AAGCTT), PstI (CTGCAG), SacI (GAGCTC), MluI (ACGCGT), AatII (GACGTC) and SnaBI (TACGTA) are underlined and in italics. Intron 1 of the WHv1.6 gene (j47 to j165) is in lower-case. (b) Schematic of promoter deletion constructs. Numbers represent nucleotides upstream (k) or downstream (j) of the TIS (j1). Restriction sites and the putative TATA box (TATA) are shown. Sequence between HindIII (k830) and PstI (k444) was deleted in the kHP construct. (c) Effect of deletions on the promoter activity of the WHv1.6 gene. Deletion constructs and control plasmids were transfected in insect cell lines Sf9 and Hi5 and the amount of CAT protein (pg per well) produced in the cells were measured by ELISA at 24 h after transfection. The data represent the mean and standard deviation (SD) of at least three repeats with each construct. The AcMNPV IE-1 promoter-CAT construct (IE-I) was included as a positive control. pCAT Basic (pCB), pCAT Control (pCC) and pBluescript (pBS) were included as negative controls. Rep and Rev, the region between k444 and k1035 was duplicated and reversed, respectively ; Int, a 1n8 kb DNA spacer (B. mori β-actin cDNA) was inserted at the PstI site (k443).
promoter activity (Fig. 2 c, compare k1917 and k1035), which suggests that the boundary of the promoter is located around 1 kb upstream of the transcription initiation site (TIS).
Deletions from k1035 to k444 led to " 86 % decreases in CAT expression, indicating that important promoter element(s) were located in this region. Deletion of the region between k830 and k550 did not significantly decrease CAT expression (Fig. 2 c, compare k830 and k550), suggesting that the major activating elements were located between k831 and k1035 and between k444 and k550. Removal of the 386 bp HindIII-PstI (k830 to k444) fragment also reduced the promoter activity (Fig. 2 c, kHP) . Analysis of the region between the PstI (k443) and the putative TATA box (k34) showed a gradual decline in promoter activity. However, when the putative TATA box (between k28 and k34) was deleted, the CAT expression was reduced to control levels ( Fig. 2 c, k27 , j60, and j105), indicating that a functional TATA box is required for basal level promoter activity. Transfections with the pBluescript, pCAT Basic and pCAT Control (Promega) showed similar levels of CAT protein expression (Fig. 2 c, pCC , pCB, pBS) to that of transfection controls without DNA (data not shown), suggesting that the SV40 promoter in the pCAT Control construct was not active in these insect cells. In addition, the full-length WHv1.6 promoter (k1035 or k1917) had similar levels of activity to the baculovirus AcMNPV IE-1 promoter (Fig. 2 c) (Carson et al., 1991) . Since the region between k444 and k1035 was associated with a significantly higher level of promoter activity, this region was further analysed by reversing its orientation, repeating the region in the same orientation and by inserting a ' spacer ' DNA fragment at the PstI site (k443). The results showed that repeating this region did not increase promoter activity, whereas reversing this region reduced the promoter activity by 64-75 % relative to the k1035 construct (Fig. 2 c, Rep and Rev). Insertion of a 1n8 kb ' spacer ' DNA also reduced promoter activity by 64-78 % (Fig. 2 c, Int) . However, the presence of the promoter region in the Rev and Int constructs (Fig. 2 c) resulted in elevated CAT expression compared with the construct lacking this region (k443). These results indicate that the promoter elements located upstream of k443 are orientation-and distance-dependent.
To examine the influence of WHv1.6 3h flanking sequences on CAT expression, the 1n76 kb 3h sequences were partially or completely deleted. The analysis of two promoter constructs (k1917 and k443) showed that deletion of the polyadenylation signals reduced CAT expression to background levels ( Fig. 3 b, kXS and k3h) . Deletions downstream of the two polyadenylation motifs (AATAAA) did not significantly affect CAT expression (Fig. 3 b, jpA and kSS) .
The relative abundance of CAT transcripts in Sf9 cells transfected with eight constructs was evaluated by RT-PCR (Fig. 4, upper panel) . The results reflected the amount of CAT protein as estimated by ELISA. The 500 bp PCR product was not detected when using RNA from control Sf9 cells or cells transfected with constructs in which the polyadenylation signals (kXS) or the TATA box (k27) were deleted (Fig. 4,  lanes 2, 3 and 5) . Increasing amounts of PCR product were observed when the promoter length was increased from k85 to k1035. As a control for amplification reactions, a " 300 bp actin cDNA was consistently amplified from RNAs of control and transfected Sf9 cells (Fig. 4, lower panel) .
The four cysteine-rich genes in the cysteine-rich CsPDV gene family have been divided into two subfamilies, the W subfamily (WHv1.6 and 1.0 genes), and the V subfamily (VHv1.1 and 1.4 genes) (Cui & Webb, 1996) . Comparison of promoter regions of the cysteine-rich CsPDV genes shows greater identity between the putative TISs and start codons (Dib-Hajj et al., 1993) . Analysis of the upstream promoter regions between the two subfamilies did not show significant identity, but within the subfamilies higher identities were observed (Fig. 5) . Promoter sequences of the two W genes from the putative TISs to " 400 bp upstream showed over 75 % identity (Fig. 5 a) . About 200 bp of promoter region of the VHv1.1 gene (Dib-Hajj et al., 1993) was aligned with the VHv1.4 gene promoter, which showed 86 % identity (Fig. 5 b) . All of the cysteine-rich gene promoters have a putative TATA box close to the predicted TIS (25-35 nucleotides upstream of the TISs). Although possible promoter elements were located between k444 and k550 and between k831 and k1035, no obvious conserved motifs were identified by sequence comparison of the two W promoters.
Discussion
Members of the cysteine-rich PDV gene family are expressed only in parasitized lepidopteran larvae (Dib-Hajj et al., 1993 ; Cui & Webb, 1996) . The early and host-specific expression of the cysteine-rich CsPDV genes suggests similarities in regulation. Progressive deletion of the 5h flanking sequence of the WHv1.6 gene, analysed by transient transfections in Sf9 and Hi5 cells, establishes that three regions are important for the regulation of the WHv1.6 promoter. The TATA box, located at k28 to k34 relative to the transcription start site, is required for minimal promoter activity. Two cis-activating elements are located between k444 to k550 and k831 to k1035. With the exception of the polyadenylation signals, the 3h flanking region of the WHv1.6 gene does not affect promoter activity.
The TATA box of most RNA polymerase II promoters in higher eukaryotes is recognized by the TATA binding protein (TBP), a component of transcription initiation factor (TIF) IID which provides a nucleation site for assembly of the RNA polymerase II complex. Studies on the regulation of insect baculovirus genes have demonstrated that the early viral gene promoters contain functional TATA boxes (Blissard & Rohrmann, 1991 ; Dickson & Friesen, 1991 ; Blissard et al., 1992 ; Guarino & Smith, 1992) . TATA box motifs from baculovirus early promoters support transcription at basal levels. In baculoviruses, viral genes are expressed in a temporally regulated sequential fashion (Blissard & Rohrmann, 1990) . Unlike the baculoviruses, CsPDV class II genes are not expressed as part of a regulatory cascade in parasitized insects. Very early expression of the cysteine-rich CsPDV genes resembles that of the baculovirus immediate early genes. All the CsPDV cysteine-rich genes (WHv1.6, WHv1.0, VHv1.4 and VHv1.1) have TATA box motifs 25-35 nucleotides upstream of the transcription initiation site (TIS) (Blissard et al., 1987 ; Dib-Hajj et al., 1993 ; Cui & Webb, 1996) . Preliminary gel retardation assays show binding of nuclear protein(s) to the region containing the TATA box (data not shown). Our in vitro transient assays indicate that the TATA box of the WHv1.6 gene promoter supports basal level promoter activity. Based on the significant identity between sequences around the TATA box of WHv1.0 and WHv1.6, it is likely that the putative TATA box of the WHv1.0 promoter may have a similar role. Further, early expression of other cysteine-rich CsPDV genes suggests that this pattern of transcriptional regulation may be characteristic of this gene family.
While the general transcription factors for RNA polymerase II assemble into a transcription complex at the TATA box, various regulatory factors can bind to the upstream sequences to modify the level of transcription. Analyses of baculovirus early gene promoters have identified upstream regulatory sequences in the vicinity of the TATA box. Promoter elements mediating early transcription of the AcMNPV p35 gene include two GC motifs (at k81 and k54) and a CGT motif (k40) which are all required for full promoter activity during the early phase of infection (Dickson & Friesen, 1991) . Positive regulatory elements modulating early transcription of the gp64 gene of Orygia pseudotsugata NPV have also been identified and are located up to k319 (Blissard & Rohrmann, 1991) . Recently, host transcription factors binding to baculovirus early promoter CACGTG and GATA elements have been shown to activate these early promoters (Krappa et al., 1992 ; Kogan & Blissard, 1994) . All the early promoter elements identified to date from insect viral genes are located relatively close to TISs (within 400 bp) (Nissen & Friesen, 1989 ; Dickson & Friesen, 1991 ; Blissard & Rohrmann, 1991 ; Krappa et al., 1992 ; Kogan & Blissard, 1994) . Deletion analysis of the WHv1.6 promoter identified two upstream cis-activating transcription elements. Unlike the baculovirus early promoter elements, these regions are farther from the TIS, at k444 to k550 and at k831 to k1035. These elements appeared to be orientation-and distance-dependent since reversal of this region or insertion of spacer DNA reduced promoter activity. Further analysis of these two regions is necessary to elucidate the sequence and function of these promoter elements.
In eukaryotic cells most cellular and viral mRNAs are polyadenylated. mRNA processing involves termination of transcription beyond the eventual poly(A) site, nucleotide cleavage and addition of the poly(A) tail (Platt, 1986) . Many mRNAs contain a consensus sequence, AATAAA, at a short distance upstream of the poly(A) site (Proudfoot & Brownlee, 1976) . Polyadenylation signals in most eukaryotic genes transcribed by RNA polymerase II function in the termination of transcription and addition of polyadenylic acids to the 3h end of the mRNA. In the five class II CsPDV genes identified so far, one or two polyadenylation signals (AATAAA) are located just upstream of the polyadenylation site. It is not clear whether such consensus sequences are the only requirements for polyadenylation. In some baculovirus genes, for example, the presence of an AATAAA sequence is not sufficient to promote processing at that site (Westwood et al., 1993) . It has been shown that GT-or T-rich sequences downstream of the AATAAA are required for correct 3h processing (McDevitt et al., 1986 ; Gil & Proudfoot, 1987) . We have also identified Trich motifs downstream of the polyadenylation site of several class II CsPDV genes, but their significance in 3h processing awaits investigation.
Preliminary analysis of the 3h flanking sequences of the WHv1.6 gene showed that deletions retaining the two putative polyadenylation signals had similar levels of CAT protein expression to the full-length 3h region. However, in constructs without the polyadenylation signals, CAT expression was abolished. Generally, the 3h poly(A) tail is considered to be a determinant of mRNA stability (Peltz et al., 1991) . In addition, the poly(A) tail probably has a role in nuclear processing and transport of the mRNA. Some sequences in the 3hUTR may also affect the poly(A) stability (Peltz et al., 1991) . In our Blissard et al., 1987) . The whole regions show 63 % nucleotide identity, while the sequences between k376 and j6 of WHv1.0 promoter and between k433 and j6 of WHv1.6 promoter show 75 % identity. The putative TIS sites are in bold. (b) Promoters of VHv1.1 and 1.4. The 204 nt sequence of VHv1.1 promoter from Dib-Hajj et al. (1993) was aligned with the corresponding region of the VHv1.4 promoter (k171 to j33). These two regions show 86 % identity. The first nucleotides of the cDNA clones are in bold. Putative TIS sites are in bold and underlined. transient assays, the transcription of the CAT gene may not terminate or be processed properly in constructs lacking the polyadenylation signals, thereby affecting the transcription rate or mRNA stability. Although we cannot rule out the existence of sequences within the " 100 bp fragment of the WHv1.6 3hUTR that may affect the transcription rate, it is likely that the unpolyadenylated messengers are transported less efficiently to the cytoplasm and are more vulnerable to degradation. The similarity in levels of CAT expression with constructs containing a short 3h fragment (in jpA, " 150 bp) and the constructs containing the full-length 3h region supports this assumption.
The four known cysteine-rich CsPDV genes share similar gene structure, splicing sites, and expression patterns, suggesting that this gene family arose from duplication events (Dib-Hajj et al., 1993 ; Cui & Webb, 1996) . Comparison of the promoter regions of these genes revealed significant identity within the subfamilies, including the presence of putative TATA boxes at 25-35 bp upstream of the TISs. The coordinate expression of these class II genes suggests that they may be similarly regulated. However, the upstream regulatory motifs of these genes have not been identified by direct sequence comparison. Further analysis of the two cis-activating regions within the WHv1.6 promoter and comparison with other CsPDV promoters will allow an improved definition of the regulatory elements and facilitate identification of these elements.
